We give an exact solution of the gravitational and electromagnetic field equations with a charged rotating source in new general relativity. The solution has three parameters Q, h and a, and it gives a charged Kerr metric space-time. The parallel vector fields and the electromagnetic vector poten-" tial are axially symmetric. In this space-time, we cannot discriminate new general relativity "from general relativity, so far as scalar, the Dirac and the Yang-Mills fields and macroscopic bodies are used as probes. The space-time does not have singularities at all, although it has an "effective singularity". Two kinds of Reissner-Nordstrom metric solutions, one is our solution with h=O and the other is a solution given by Hayashi and Shirafuji, are physically equivalent with each other. Nevertheless, these are markedly different from each other with regard to the asymptotic behavior of the torsion tensor for r -+ 00 and the space-time singularities. § 1. Introduction New general relativity (N_ G. R.) is a gravitational theory which is formulated by gauging external (space-time) translation l ) and underlain with the Weitzenbock space-time 2 ) characterized by the metricity condition and by the vanishing curvature tensor. N. G. R. with the gravitational Lagrangian (2·4) describes well all the observed gravitational phenomena in the same level as the general relativity (G. R.). Schwarzschild metric, Reissner-Nordstrom metric and Weyl metric solutions have been known 2 ) also in N. G. R., and recently a Kerr metric solution has been found 3 ) by one (N. T.) of the present "authors.
New general relativity (N_ G. R.) is a gravitational theory which is formulated by gauging external (space-time) translation l ) and underlain with the Weitzenbock space-time 2 ) characterized by the metricity condition and by the vanishing curvature tensor. N. G. R. with the gravitational Lagrangian (2·4) describes well all the observed gravitational phenomena in the same level as the general relativity (G. R.). Schwarzschild metric, Reissner-Nordstrom metric and Weyl metric solutions have been known 2 ) also in N. G. R., and recently a Kerr metric solution has been found 3 ) by one (N. T.) of the present "authors.
The main purpose of this paper is to give an exact solution of the gravitational and electromagnetic field equations with a charged rotating source in N_ G. R. In § 2, we give briefly the basic formulation of N_ G. R. as a preliminary to the subsequent sections. The solution is given in § 3. In § 4, the singularity structure of the spacetime given by the solution is examined_ In § 5, two kinds of Reissner-Nordstrom metric solutions, one is our solution with h=O and the other is a solution given in Ref. 2) , are examined from the points of the asymptotic behavior and of the spacetime singularities. Finally, we give a summary and a comment in § 6. § 2. Basic formulation In N. G. R., the fundamental field variables describing gravity are the parallel vector fields bk=bkPajax p characterized by 
where n,*;./ are the affine connection coefficients. The metric tensor gpvdxP®dx v is given by
with (TIki) = diag( -1, + 1, + 1, + 1). Equation (2 ·1) leads to the following:
def CO The metricity condition DIgpv = aAgpv-rp~Pgpv-rv~Pgpp=O is satisfied.
(ii) The curvature tensor fixed by n~/ vanishes identically.
The gravitational Lagrangian densities are constructed with the torsion tensor (2·3) among which we have*)
which is quite favorable experimentally.2) components of the torsion tensor:
Here tpvA , VI' and ap are irreducible
where cpVPO' is the totally anti symmetric tensor normalized to C0123= -, ) -g with g ~det(gpv). Also, Kand t; are the Einstein gravitational constant and a real constant parameter, respectively. The electromagnetic Lagrangian density L e .m. is given by**)
with (2·9) where AI' is the electromagnetic vector potential. The gravitational and electromagnetic field equations for the system described by
LG + L e .m. are the following: (2 ·16) with (2 ·17) and T flv is the energy-momentum tensor
The tensors KflV and JUfl are defined by
respectively, where § 3. An exact solution of gravitational and electromagnetic field equations with a charged rotating source
In this section, we shall give an exact solution of the field equations (2·10), (2·11) and (2·12), which represents the gravitational and electromagnetic fields surrounding a charged rotating source.
We shall seek a solution satisfying the following conditions: The parallel vector fields have the expression (3 -I) , it follows that*)
which gives the vanishing axial vector part:
Thus, Eq. (2) (3) (4) (5) (6) (7) (8) (9) (10) is reduced to
(3-8) (3) (4) (5) (6) (7) (8) (9) which is identical with the Einstein equation in G. R., and Eq. (2 -11) is trivially satisfied. Equation (2 -12) is reduced to (3) (4) (5) (6) (7) (8) (9) (10) because g= -1 in the present case. In G. R., a stationary solution of Eqs. (3) (4) (5) (6) (7) (8) (9) and (3) (4) (5) (6) (7) (8) (9) (10) , which represents the gravitational and electromagnetic fields surrounding a rotating source with mass M and charge q, is known.
)-6l
A method, which is essentially the same as that in Ref. 5) but more transparent**) than it, of solving these equations is given in Appendix A. The result is given as follows: 
the metric and the electromagnetic potential take the following forms:
where def I = p2+ h 2 cos 2 8 .
In obtaining the expression (3·25) from AI' of Eq. (3 ·12), we have made a U(l)-gauge transformation. The parallel vector fields bkl' are expressed as
Here, X and Yare defined by
(3·28)
The expression (3·27) is obtainable from Eqs. The charged Kerr metric solution (3·27) gives an example of this statement.
The charged Kerr metric space-time in N. G. R. given by Eq. (3·27) cannot be discriminated from the space-time of the charged Kerr black hole in G. R., so far as scalar, the Dirac and the Yang-Mills fields (including also the electromagnetic field) and macroscopic bodies are used as probes because of the following reasons:
3 )
(i) The field equations and measurable quantities for these fields in the space-time given by Eq. (3·27) agree with those in the space-time of the charged Kerr black hole in G. R.
)
(ii) In macroscopic gravitational phenomena, only the metric tensor plays significant roles. 2 ) § 4. Singularities
In 'N. G. R., by singularity of the space-time, we mean the singularity of the scalar and pseudo-scalar concomitants of the torsion tensor, and by "effective singularity" is meant the singularity of the scalar and pseudo-scalar concomitants of the RiemannChristoffel curvature tensor. **)
The space-time given by the expression (3·1) does not have singularities at all, because all the scalar and pseudo-scalar concomitants of the torsion tensor vanish for this solution. This is shown in Appendix B.
From Eqs. They are related to each other through a local Lorentz transformation which leaves the axial vector part*) of torsion tensor invariant. Hence, these two solutions are physically equivalent with each other. 
Equations (5·6) and (5·7) show that n/iJ approaches zero .as r--->OO faster than n: '2 does.
(ii) The space-time given by the solution (5 ·1) has no singularities at all, as is obvious *) Note that the axial vector parts of the torsion tensors made of these b\, and ekp both vanish.
from'the discussion in the preceding section, While, the space-time given by the solution (5·2) has singularities, as is seen from the following: 2). This solution, denoted by Ekp. in the coordinate system identical to that used for the solutions (5·1) and (5·2), takes the following form:
The torsion tensor TN!] for this solution is given by
(the other independent components vanish). The solutions b k p, ekp and Ekp are related with each other by local Lorentz transformations which leave the axial vector parts of the torsion tensors invariant. Hence, they are physically equivalent with each other. 8 ) Nevertheless, they are quite different from each other with regard to the singularity structure:*) The space-time given by b k p of Eq. (5 -I) with Q=O does not have singularity at all, the space-time given by ekp of Eq. (5-2) with Q=O has singularities at r=O, at r=a, at 8=0 and at 8=7[, and the space-time given by Ekp is singular at r=O and at r=a. Also, it is worth mentioning that we have for the irreducible part t(E) J.pv of TNfJ, as are the cases of b k p and of e k p.
Appendix A
In this appendix, a solution of Eqs. (3-9) and (3-10) is derived. In terms of lp, mp and jpv defined by field equation (3-9) can be expressed as follows:
*) The singularity structure of the space-time given by the solution Ekp has been discussed in Ref. 9 ).
(lPiMr)(lrrorrlr)=o,
This can be shown by expressing CPV({ }) and T PV in terms of lp, mp and fpv and by noting that a and Q are both arbitrary. where I is a function of x.
We classify the indices of tensorial quantities into two types, i.e., an index such that it is the index of a factor lp will be called an l-index and an index of the other kind will be called a non-I-index. For the case of the term 
